The Impact of Wage Differentials on Choosing to Work in Agriculture
The likelihood of nonagricultural workers joining the agricultural work force in response to an increase in the agriCUltural wage is estimated in this study. Knowing the responsiveness of the labor supply to wage differentials is important for evaluating many public policies. For example, if the Immigration Reform and Control Act of 1986 ORCA) eventually restricts the supply of ineligible immigrant labor in the United States, many farmers and legislators fear large wage Increases, which will lead to significant crop losses (at least in the short run) or mass noncompliance with the law. How realistic are the fears' that large wage adjustments will be required to equilibrate the hired farm worker labor market is assessed in this study.
The study is based on 1988 data from the U. S. Department of Labor, Bureau of Labor Statistics Current Population SUNey (CPS), which is a random sample covering all sectors of the economy. The decision to work in the agricultural or the nonagricultural sectors and wages in each sector, controlling for choice of sector, are simultaneously determined. Then the empirically estimated model is used to simulate the increase in the share of agricultural workers from a given increase in the relative agricultural wage.
In the first section, the basic modeling methodology is developed. The data set is described and summary statistics for the key variables are presented in the second section. The empirical results are discussed in the third section. Simulations are used in the next section to show the likely response of The Impact of Wage Differentials -Page 2 workers to higher wages in the agricultural sector. In the final section, inferences and conclusions are drawn from the analyses. c =z'a + f e .
Methodology
. (3) The worker compares this cost or benefit to the relative wage in agriculture. The wage ratia (R) between agricultural and nonagricultural sectors is approximated by the difference in the natural logarithms of these wages:
The difference in the logs is a close approximation of the ratio for small differences. Alternatively. one can define R as the log wage difference so that equation (4) The disturbance terms (Ea' En. and E c ) in equations (1). (2), and (3) are assumed to be jointly normally distributed. As a result, a probit estimation technique can be used to estimate the choice of industry equation (5).
SUbstituting for R in equation (5) using equations (4), (1). and (2) and for c using (3). we obtain a reduced-form industry choice equation. and (5) (6) which can be estimated using probit with the exogenous variables (x", X n , and Z) in equations (1), (2), and (3) on the right-hand side. Conditional on industry
The Impact of Wage Differentials -Page 5 choice, as determined by equation (6), the hourly earnings equations (1) and (2) can be estimated using Heckman's (1979) technique to compensate for sample selection bias. Were we to estimate equations (1) and (2) using ordinary least-squares techniques, the estimates would be biased because workers are not randomly assigned to the agricultural and nonagricultural sectors. That is, the unobseNed individual difference or disturbance terms (Eo and En) would not be normally distributed if we examine data for only those workers obseNed in each sector.
Based on the consistently estimated wage equations, (1) and (2), the estimated wage differential is R=X~~a -X~~n' That is, although we obseNe a worker's wage in one sector only, these equations can be used to determined the relative wage. SUbstituting this estimated value for R in equation (5), the structural probit for industry choice can then be estimated.
The key exogenous variables represent regions and demographic characteristics. Because agricultural and nonagricultural wages differ geographically (reflecting differences in labor demand and supply and the type of work), regional dummies are included in Xc and X n . Years of schooling and years of experience are also hypothesized to influence wages and are included in Xc and X n . Wages and the costs of working in agriculture may be affected by workers' racial and ethnic characteristics because of discrimination or because they reflect language skills and legal status. They may, for
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Also included is a dummy variable for "married, living with spouse: which has an ambiguous effect because married couples make joint employment and housing decisions. Given the relatively high variance in agricultural wage, one may be more willing to work in agriculture if one's spouse has a steady income; however, offsetting that effect. to the degree that migration is required in agricultural jobs, living with a spouse may be difficult. Similarly, having children may make migratory living relatively unattractive; however, whole families may work together in agriculture. Thus, marital status and children are included in Z, but their signs are also uncertain.
The reduced-form probit and the wage equations can be estimated without any further restrictions. The identifying restrictions that allow us to estimate the structural probit equation are that education and experience variables affect wages but do not affect the choice of sector except indirectly through their effects on the wage differential. Thus, in the structural probit, only other demographic characteristics and the wage differential are inciuded. It is hard to tell a story why a year or two more of primary education would affect one's utility from working in agriculture rather than nonagriculture except indirectly through its effect on relative wages. It is similarly difficuit to see why experience would affect utility directly; however, a case might be made that The Impact of Wage Differentials -Page 7 age (the experience variable is a linear function of age) affects utility differently in the two sectors. Not using the experience variables as identifying restrictions, however, has only a minor quantitative (and not a qualitative) effect on the results reported below.
The Data
Data used in this study are from the CPS for the 1988 calendar year, which is a random sample of individuals by housing units throughout the United States conducted monthly over the year.
1 Because selection is based on , location, agricultural workers, nonagricultural workers, the unemployed, and documented and undocumented immigrants are surveyed.
The inhabitants of any given housing unit are asked questions about economic issues at two times, separated by a four-month interval. To prevent double counting some workers (people initially interviewed in the first eight months of the year have a second interview in the same calendar year), only the first of these interviews is used. Only individuals at least 16 years old, with no missing variables, who usually work at least 15 hours per week (i.e., the employed), and earned at least $2 an hour (to eliminate observations with implausible hourly earnings) were included.
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Sample Restrictions
In the following analysis, the sample is restricted to only a subset of males who ore relatively likely to consider agricultural employment: workers with no more than a ninth-grade education who live outside of major cities. Because less than 2 percent of all CPS workers are in agriculture, the industry choice Similarly, it is unlikely that workers in the middle of Manhattan are likely to switch to farm work with any plausible agricultural wage increase; so, because we are concemed with the short-run effect of a wage differential on choice of working In agriculture, the sample has been further restricted to those hired workers who live outside of major metropolitan areas with more than 100,000
people ('nonurban' areas). Although some agricultural workers with limited education live in cities, especially in California (e.g., Fresno), over two-thirds do not. Of workers with nine years or less of schooling, only one in ten work in agriculture of all workers compared to one in five of our nonurban sample.
Females were dropped because there are not enough women in the sample to estimate an agricultural wage equation for females. There are only 396 females with 12 in agriculture (and more than 12 variables in the wage equations) in the sample. The effects of also including city-dwellers and females are briefly discussed below.
Means and Standard Deviations
Presented in Table 1 There are relatively more blackS and other nonwhites in the agricultural subsample than in the overall sample. Agricultural workers are less likely to be married and living with their spouses than nonagricultural workers (52.5 versus 77.9 percent), perhaps reflecting the migratory nature of many agricultural jobs and the relative youth of agricultural workers.
Nonagricultural workers are, on average, seven years older than agricultural workers. Because the average level of education in the United States has risen over time. non-Hispanics with relatively little formal education tend to be older than the rest of the population. The average age of workers in agriculture is 42; the average age of non-Hispanics is 49 (and the median is 50), however the average age of Hispanics is only 35 (and the median is 32).
Although 17.9 percent of the nonagricultural workers are union members, only 1.7 percent of the agricultural workers are union members (all of whom are in California). In this sample, agricultural workers average one fewer year
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Many agricultural workers receive piece-rate payments (35 percent receive only piece rate compared to 11 percent of nonagricultural workers).
In this study, hourly earnings are calculated by dividing the reported weekly earnings by the reported usual weekly hours. For workers who receive time rate pay, this calculated hourly earnings number is usually identical or very close to the reported wage. The average hourly earnings of agricultural workers ($4.80) is only 62 percent of those of nonagricultural workers ($7.69):
They work. on average. 2.2 more hours a week. however, so that the average weekly earnings of agricultural workers are 66 percent of that of nonagricultural workers ($203 versus $308).
The Empirical Results
The first step of the analysis is to estimate a reduced-form probit equation describing how choice of industry depends on exogenous geographic and demographic variables. Then, conditional on industry choice, wage (hourly earnings) equations are estimated for each sector. Finally, a structural probit equation is estimated.
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Reduced-Form Probit Equation
The reduced-form probit (working in agriculture =1 and working in nonagriculture =0) coefficient and asymptotic standard error estimates are shown in the second and third columns of Table 2 . Because it is a reduced-form equation, the coefficients reflect both wage differential and cost factors as described above.
Compared to the West, living in the West North Central region makes one more likely to be in agriculture (ail else the same). Similarly, Californians in the sample are much more likely to work in agriculture than others in the West.
An extra year of experience makes a worker more likely to work in agriculture if the individual has at least 32 years of experience (and less likely otherwise). In contrast. one more year of formal schooling makes one less likely to work in agriculture if one has had at least 5 years of schooling.
Married men living with their spouses are less likely to be agricultural workers; however, the more children one has, the more likely one works in agriculture. 3 A log-likelihood test strongly rejects the hypothesis that only the constant term matters.
Wage Equations
The wage equations (the regression of the natural logarithm of hourly eamings on demographic and geographic variables) in Table 3 were estimated using Heckman's two-stage technique to control for nonrandom industry choice. The correlation between the disturbance in the regression and the selection criteria is very high (nearly one), and the estimates of the correlation are virtually the same for the two equations. On the basis of a Heckman Hest on the selectivity parameter, we can reject the hypothesis that ordinary-least squares estimates have no sample selectivity bias in both the wage equations. The qualitative results from these wage equations are similar to those of earlier studies (e.g., Perlott) that are based on CPS data but did not adjust for the sample selection effect of industry choice. The quantitative effects differ substantially, however. For example, in the wage equations shown above, the estimated ratio of wages in agriculture to those in nonagriculture averaged 31 percent over the sample. Based on estimates of the same equations using ordinary least squares, the comparable average wage ratio is 66 percent. or more than double. reflecting the failure to control for sample selection. Those people for whom the wage ratio is relatively high are more likely to work in agriculture as discussed next.
Structural Probit Equation
The structural probit equation is reported in the last two columns of Table   2 . To estimate it, the wage ratio, R. is approximated by the estimated difference in the natural logarithm of the wage one would earn in agriculture and in the nonagricultural sector.
In the structural probit equation, controlling for demographic and wage ratios, workers are more likely to work in agriculture in most other regions of the country than in the West. They are also more likely to work in agriculture in
California than In the rest of the West. Of course, given that wage ratios vary
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geographically. much of the geographic difference in choice of sector is captured by the wage-ratio term.
The structural probit equation does not show a significant difference between choice of sector among whites and other racial or ethnic groups after controlling for wage ratios. That is. the preference of working in agriculture of these groups shown in the reduced-form equation is presumably captured in the structural equation by the wage-ratio term. which reflects relatively high agricultural wages for these groups.
The wage ratio has a large. statistically significant effect. A 1-percent increase in the relative wage in agriculture increases the probability that one works in agriCUlture by 3.37 percent at the sample mean. On average over the entire sample (Hensher and Johnson). a 1-percent increase in the relative agricultural wage increases the probability of working in agriculture by 1.3 percent.
The ratio of the estimated agricultural wage to the nonagricultural wage is 0.37 for those workers in agriCUlture and only 0.30 for those who are not in agriculture. That is. the estimated wage ratio of those who choose to work in agriculture is nearly a quarter more than of those who choose not to work in agriCUlture. Thus. choosing to work in agriculture appears. in large part. to be based on a comparison of wages between the two sectors.
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The structural probit has virtually the same explanatory power as the reduced-form equation. The probit 11 measures range from 0.29 to 0.46; and the prediction success table shows that the correct sector is predicted for 87.5 percent of the sample.
Sensitivity Experiments
Other experiments were used to test the sensitivity of these results to the specifications used. In none of these experiments was the key result (the effect of the wage ratio in the structural probit) sUbstantially affected.
As a sensitivity test on the assumed error structure. the system was estimated using logit rather than probit equations (that is. the disturbances were modeled as logistic rather than normal). Although the key result was virtually the same as with the probit system, the correlation between the reduced-farm logit equation and the selectivity equations' disturbance terms were estimated to be greater than one, which is, of course. impossible. For that reason, only the probit equations are reported here. Finally, a model was estimated using a larger sample that included city dwellers and females but was still restricted to those with no more than nine years of education. Agricultural workers are only 6.6 percent of this larger sample. The same system was used except that a dummy variable for city and another for female were included on the right-hand side of all equations.
Both these dummies had lorge, statistically significant effects in all equations;
however, the other demographic coefficients were relatively unaffected. In the structural probit equation, the relative wage term remained large and had a t-statistic of 4.7. The predicted 4.4 percent shift into agriculture from a 1-percent increase in the relative wage at the sample mean is larger than in the model above. The original model is stressed in this paper because the estimates in the larger model are based on estimates in the tails of the normal (probit) distribution, which make inferences outside the sample, which we now examine, more speculative.
The Response to Higher Agricultural Wages
The system of equations can be used to simulate the effect of higher wages on the agricultural supply of nonurban, relatively uneducated workers.
As shown in Table 4 , the estimated agricultural wage is only 29 percent of the estimated nonagricultural wage when averaged across the sample. The simulations reflect the effects of an across-the-board increase in the agricultural wage holding the nonagricultural wage constant. That is, the simulations increase the constant term in the regression on the logarithm of the agricultural wage, which is equivalent to a constant percentage increase in the agricultural wage for all workers.
In Table 4 , two methods are used to calculate the effect of the wage increase on the share of workers in agriculture as both ore commonly used in probit studies. In the first method, a worker is assigned to the agricultural sector if the probability he works in agriculture (according to the structural probit equation) is at least 50 percent. Using this SO-percent rule, the model predicts that 11 percent of the workers will work in agriculture. In the second method, the probability of working in agriculture that the model predicts for each individual is averaged across all individuals (using equal weights). This average is 19 percent. which is (by the nature of the probit estimation technique) Virtually the same as the actual percent in the sample.
If the agricultural wage were increased by 2 percent, the wage ratio would increase by 2.2 percent. Using the SO-percent rule, the share of workers Simulations of larger wage increases should. of course. be viewed with substantial caution. If the point estimates are assumed to hold with larger increases. a SO-percent increase in the agricultural wage leads to a 139-percent increase in the share of agricultural workers using the first method (to a quarter of this relatively uneducated labor force). and an 82-percent increase using the second method.
In interpreting these simulations. it should be remembered that they 
Conclusions
This paper presents a model of industry choice and wage determination.
The chief result of this analysis is that inducing more workers to switch to agriculture may not require large wage increases. Indeed. a la-percent
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Nonetheless, in some states and in certain crops, half or two-thirds of the agricultural work force has been undocumented aliens so that larger wage increases may be required. Because this study has focused on only supply-side effects, a full analysis of the wage effects of a government policy that prevented undocumented workers from working requires a comparable demand-side analysis.
Further work on agricultural labor supply remains to be done as well. For example, this report has focused on the role of higher wages in attracting agricultural labor. In general, however, better working conditions and other benefits (such as health insurance and housing) could also attract extra workers, holding wages constant. 
